We purified a 120-kDa novel glycoprotein from human plasma and named it IHRP (inter-alpha-trypsin inhibitor family heavy chain-related protein) because of its sequence similarity to the heavy chains of the inter-alpha-trypsin inhibitor (ITI) family.
All of them have the unique structures, i.e., bikunin and heavy chain(s) are bridged by a chondroitin sulfate sugar chain. [5] [6] [7] [8] The function of the ITI family is believed to be as a protease inhibitor, however, the extracellular matrix-stabilizing activity of the ITI family is noteworthy. 9, 10) In spite of the sequence similarity, IHRP did not form a complex with bikunin because of the deletion of the consensus sequence (DPHFII) for the cleavage of the C-terminal fragment and the attachment to the chondroitin sulfate sugar chain of bikunin. 11, 12) IHRP was readily cleaved to the N-terminal 85-kDa-fragment and the C-terminal 35-kDa fragment by plasma kallikrein. 1, 2) The N-terminal 85-kDa fragment was further cleaved to the N-terminal 57-kDa fragment and to unidentified small fragments. 1, 2) In a search of the nucleotide sequence homology of IHRPcDNA, we found that the nucleotide sequence registered as porcine ITI cDNA in LASL-GDB (Gen Bank) data base showed significant homology (83%) to that of IHRP cDNA. 11) Since this sequence homology was higher than those (49-57%) of mRNAs among IHRP and ITI family heavy chains, we thought that the registered porcine ITI mRNA, which was detected as the inducible mRNA in the liver after resuscitation from cardiogenic shock, 13) was the species counterpart of human IHRP mRNA rather than porcine ITI family heavy chain mRNA.
In this paper, we describe the preparation and the characterization of anti-IHRP mouse monoclonal antibodies and the quantitative measurement of the plasma IHRP concentrations of healthy donors and patients with inflammatory disorders.
MATERIALS AND METHODS
Preparation of Anti-IHRP Mouse Monoclonal Antibodies Anti-IHRP mouse monoclonal antibodies were prepared according to the method of Galfre et al. 14) A female Balb/c mice was immunized with 50 mg of purified human IHRP 1) as an emulsion with Freund's complete adjuvant. Three weeks after the first immunization, the mice were boosted with 50 mg of IHRP in phosphate-buffered saline (PBS). Three days after the boost injection, the spleen cells of the mice were fused with P3U1 mouse myeloma cells using polyethylene glycol (PEG). The hybridoma cells were selected in HAT medium and the media were screened by ELISA. The positive hybridoma cells were cloned by limiting dilution and the cloned cells (1ϫ10 7 cells/mice) were injected intraperitoneally into female Balb/c mice which had been pre-injected with pristane (0.5 ml/mice) one week earlier. Monoclonal antibodies were purified from the ascites fluids by ammonium precipitation and DEAE-Sephacel chromatography (Pharmacia). Finally, two clones (1A4 and 6E11) of anti-IHRP monoclonal antibody were obtained. IgG subclass and light chain of 1A4 and 6E11 were determined with a monoclonal antibody isotyping kit (Pharmingen).
SDS-PAGE and Western-Blot Analysis Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed according to the method of Laemmli.
15) After electrophoresis, proteins in the gel were stained with 0.1% coomassie brilliant blue R-250, 10% acetic acid and 30% methanol for 30 min and the destain was carried out in 10% acetic acid and 30% methanol. For western-blot analysis, proteins in the gel were transferred to a nitrocellulose filter after electrophoresis. The filter was blocked with 3% gelatin in PBS and incubated with 1A4 or 6E11 solution (1 mg/ml in PBS) for 30 min. The filter was washed with 0.05% tween 20 in PBS (TPBS) for 5 min three times and incubated with peroxidase-conjugated anti-mouse IgG solution (1000-fold dilution in TPBS, Wako Pure Chemicals) for 30 min. The filter was washed as above and the color was developed in 0.01% H 2 O 2 , 0.05% diaminobenzidine in 10 mM sodium phosphate, pH 7.0.
Purification of IHRP from Human Plasma by Affinity Chromatography with 1A4-Sepharose Anti-IHRP monoclonal antibody (1A4)-conjugated Sepharose was prepared with 30 ml of BrCN-activated Sepharose (Pharmacia) and 30 mg of purified 1A4 according to the manufacturer's instruction. The purification of IHRP was performed in a cold room (4°C). Fresh frozen human plasma (300 ml) was thawed and 100 mM phenylmethylsulfonyl fluoride (PMSF) in isopropanol was added to 1 mM. The plasma was passed through a column of irrelevant mouse IgG-conjugated Sepharose prepared as above to eliminate the non-specifically bound proteins and applied to the column of 1A4-Sepharose. After washing with 300 ml of 0.1% NP-40, 0.5 M NaCl and 10 mM sodium phosphate, pH 7.0 followed by 100 ml of distilled water, bound proteins were eluted with 0.2 M glycine-HCl, pH 2.5. The absorbance of the eluates were monitored at 280 nm and neutralized with 1.0 M Tris immediately.
Sandwich ELISA for Quantitation of IHRP Sandwich ELISA was performed according to the method of Lems-Van Kan et al. 16) with some modifications. Each well of a 96-well ELISA plate (Nunc) was coated with 100 ml of 1A4 (5 mg/ml in PBS) at room temperature for 2 h. The wells were filled with 1% bovine serum albumin (BSA) in PBS and kept at 4°C overnight to saturate excess binding sites. The wells were then washed three times with TPBS and 100 ml of a diluted sample in PBS containing 1 mM PMSF was added to each well. The assay was carried out in triplicate and fresh frozen human plasma was used for the quantitation. After incubation for 1 h at room temperature, the wells were washed as above and 100 ml of 1000-fold diluted anti-GP57 rabbit antiserum 1) with TPBS was added to each well. After incubation for 30 min at room temperature, the wells were washed as above and 100 ml of alkaline phosphatase-conjugated antirabbit IgG (1000-fold dilution in TPBS, Jackson Immuno Research Laboratories, Inc.), in which the cross-reactivities to human IgG and mouse IgG were eliminated by affinity chromatography, was added to each well. After incubation for 30 min at room temperature, the wells were washed with TPBS four times and 100 ml of p-nitrophenylphosphate solution (1 mg/ml in 50 mM Tris-HCl and 10 mM MgCl 2 , pH 9.5) was added to each well. The absorbance was measured with a microplate reader (Bio-Rad, Model 450) at 405 nm. The protein concentration of the affinity purified IHRP with 1A4-Sepharose was measured by the BCA method (Pierce) using BSA as the standard, and it was used as the standard for the sandwich ELISA.
Data Analysis and Statistics Data were expressed as the meanϮS.D. and analyzed using Student's t-test.
RESULTS AND DISCUSSION
Characterization of Anti-IHRP Mouse Monoclonal Antibodies Two clones (1A4 and 6E11) of anti-IHRP mouse monoclonal antibody were obtained. IgG subclass and light chain of 1A4 and 6E11 were both IgG2a and kappa chain. Both antibodies clearly indicated the reactivity to IHRP in western-blot analysis (Fig. 1) . Purified IHRP from human plasma by affinity chromatography with 1A4-Sepharose showed sufficient purity of IHRP (Fig. 2) . In an operation, 5 mg of IHRP was obtained from 300 ml of human plasma. IHRP is labile to proteases, especially to plasma kallikrein. Plasma kallikrein cleaved IHRP to the N-terminal 85-kDa fragment and the C-terminal 35-kDa fragment. 1, 2) The N-terminal 85-kDa fragment was further cleaved to the N-terminal 57-kDa fragment and to unidentified small fragments. 1, 2) Human serum was incubated at 37°C overnight and the affinity purification of the IHRP fragment with 1A4-Sepharose was performed. Purified material revealed only a 35-kDa band on SDS-PAGE (Fig. 3) and its N-terminal amino acid sequence was RLAILPA which corresponded to that of the C-terminal 35-kDa fragment obtained by the digestion of IHRP with plasma kallikerin.
2) This result indicated that IHRP was cleaved completely in human serum during overnight-incubation at 37°C because intact IHRP was not detected at all. The other clone (6E11) also showed the same result (data not shown), indicating that the epitopes of both monoclonal antibodies were on the C-terminal 35-kDa frag- The electrophoresis of IHRP (100 ng/lane) was run on SDS-PAG (7.5% gel). After electrophoresis, proteins in the gel were transfered to a nitrocellulose filter and westernblot analysis was performed as described in Materials and Methods with 1A4 or 6E11.
Fig. 2. SDS-PAGE of IHRP Purified by Affinity Chomatography with 1A4-Sepharose from Fresh Frozen Human Plasma
The affinity purification of IHRP from human plasma with 1A4-Sepharose was carried out as described in Materials and Methods. Purified IHRP (1 mg/lane) was analyzed on SDS-PAGE (7.5% gel) and proteins in the gel were stained with coomassie brilliant blue R-250. ment of IHRP.
Quantitation of IHRP in Human Plasma
Unfortunately, we could not develope the sandwich ELISA with 1A4 and 6E11 probably due to their close or identical epitopes. We used a 1A4 coated microtiter plate and the anti-GP57 (the N-terminal 57-kDa fragment of IHRP) rabbit antiserum prepared previously 1) for establishment of the sandwich ELISA for IHRP. In this sytem, 10-200 ng of IHRP was able to be quantitated (Fig. 4) and the IHRP concentrations in human plasma were measured (Fig. 5) . The concentrations of IHRP in the plasma of healthy donors varied from 55.1 mg/ml to 176.6 mg/ml in each individual and the average concentration was 101.3 mg/ml. The porcine mRNA which we thought to be the species counterpart of human IHRP mRNA increased in the liver after resuscitation from cardiogenic shock, 13) therefore, IHRP seemed to be a member of the acute-phase protein family. According to this hypothesis, the plasma concentrations of IHRP of patients with inflammatory disorders, whose C-reactive protein concentrations in sera were over 4 mg/dl, were measured (Fig. 5) . The concentrations of IHRP in the plasma of the patients varied from 68.6 mg/ml to 212.5 mg/ml and the average concentration was 137.5 mg/ml. This results indicated a 35.7% increase of the plasma IHRP concentration in the patients compared to normal. These results support the idea that IHRP is a member of the acute-phase protein family, however, there was no correlation between the concentrations of C-reactive protein and IHRP (Fig. 6 ). The members of the ITI family are a complex of heavy chain(s) and bikunin, both of which are connected by a chondroitin sulfate sugar chain. [6] [7] [8] The function of the ITI family is believed to be a protease inhibitor; however, the inhibitory activity of heavy chain-free bikunin is stronger than those of the ITI family. 17) A recently identified remarkable function of the ITI family is their extracellular matrix-stabilizing activity. 9, 10) After the binding of the ITI family to hyaluronic acid, bikunin is released by an unknown mechanism and the heavy chains bind to hyaluronic acid covalently. [18] [19] [20] A feature of IHRP is its sensitivity to plasma kallikrein like kininogens.
2) The amino acid sequence of the kallikrein fragment (Pro634-Arg660) of IHRP showed partial homology to 216 Vol. 24, No. 3 (Fig. 2) was measured by the BCA method (Pierce) using BSA as the standard. IHRP was diluted with PBS containing 1 mM PMSF and used as the standard for the sandwich ELISA. those of bradykinin and angiotensin II. 11, 12) However, we could not detect any activities of IHRP and its fragments in the pharmacological assays (unpublished data). The other interesting aspect of IHRP is its high sequence homology to the mRNA which was induced in the porcine liver after resuscitation from cardiogenic shock. 13) With our quantitation data which indicated the increased level of IHRP in the plasma of the patients with inflammatory disorders, IHRP may be a member of the acute-phase protein family.
IHRP is an extremely labile protein. Unless protease inhibitor is used, it is impossible to purify intact IHRP without degradation. We used fresh frozen plasma and 1 mM PMSF for the purification and the quantitation of IHRP. The use of a kallikrein inhibitor such as PMSF is important for the precise quantitation of IHRP. Indeed, we could not detect any intact IHRP in the human serum after the incubation at 37°C overnight (Fig. 3) .
